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Abstract
Objectives: Describe novel methods for ascertaining verbal fluency in a large national sample of 
adults, examine demographic factors influencing performance, and compare scores to studies 
using in-person assessment.
Methods/Design: Participants were from the REasons for Geographic and Racial Differences in 
Stroke (REGARDS) study, a national, population-based, longitudinal study of stroke in adults 
aged 45 years an older. Letter and semantic fluency were gathered, using Letter “F” and Animal 
Naming, via a telephone-based assessment with computer-assisted scoring of digital recordings.
Results: Initial letter and semantic fluency scores were obtained on 18,505 and 18,072 
participants, respectively. For both fluency tests, scores were normally distributed. Younger age 
and more years of education were associated with better performances (p<0.0001). The mean and 
standard deviation for matched subgroups, based on age, gender, and education, were quite 
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comparable to scores reported out of samples using an in-person administration format. 
Telephone-based assessment also allowed for a level of quality control not available via in-person 
measurement.
Conclusions: Telephone-based assessment of verbal fluency and computer-assisted scoring 
programs designed for this study facilitated large scale data acquisition, storage, and scoring of 
protocols. The resulting scores have similar characteristics to those obtained by traditional 
methods. These findings extend validation of cognitive assessment methods, using survey research 
staff and computer-assisted technology for test administration.
Keywords
neuropsychological test; verbal fluency; telephone-based assessment; computer-assisted scoring; 
cognitive assessment; validation
Introduction
Telephone-based cognitive testing allows for the efficient assessment of large numbers of 
geographically dispersed persons as is often required in epidemiological and survey 
research. One approach is to modify an existing test for telephone use by adding or deleting 
items (e.g., the Telephone Interview for Cognitive Status), and another is to administer an 
existing in-person test unchanged over the telephone (e.g., verbal fluency). Two recent 
reviews, reporting on 75 studies, identified 20 telephone-based cognitive tests--a mix of 
modified and existing cognitive measures--that have been used to characterize cognitive 
status in adults in epidemiological and survey studies1,2. The reviews identified important 
characteristics of these tests, including item content, administration time, and relation to 
clinical status, but also limitations including a lack of direct comparisons to other cohorts1.
In this paper, we describe a telephone-based assessment of verbal fluency, an unmodified in-
person measure of cognition, in an epidemiological context (initial cohort of 30,239 
participants). We outline the approach to training and monitoring of data gatherers and 
scorers, describe a computer-based interface that assists in administration and scoring, report 
the error rates for this method of assessment, and compare score distributions for age- and 
education-matched subgroups to previously published studies that used in-person 
assessment.
Methods
Sampling Frame and Study Design
The REasons for Geographic And Racial Differences in Stroke (REGARDS) study is an 
ongoing national, population-based, longitudinal study of racial and geographic disparities 
in stroke, stroke mortality, and cognitive decline3. From commercially available lists, 
community-dwelling adults were randomly selected. Those aged 45 years or older and either 
African American or white were eligible for the study. Exclusion criteria included self-
reported medical conditions (e.g., cancer) that would prevent long-term participation, being 
on a waiting list for nursing home, or being unable to participate in telephone interviews due 
to the interviewer’s judgment of poor cognition or hearing deficits. The sample was 
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recruited between January 2003 and December 2007 using mail, telephone, and in-home 
contacts (33% response rate, 49% cooperation rate)4. The cohort consists of 30,239 
individuals, with oversampling of residents in stroke belt states (56%; NC, SC, GA, AL, 
MS, TN, AR, and LA) and the remainder residing in the other 40 contiguous states in the 
U.S. The cohort is composed of 45% men, and 42% African American participants.
Cognitive tests selected for REGARDS were short, amenable to telephone administration, 
and sensitive to cognitive changes associated with stroke and vascular risk factors5–7. 
Semantic and letter fluency tests, which are the focus of the present investigation, have high 
test-rest reliability (>.70 across studies) and high inter-rater reliability (>.97 across studies), 
with moderate to high correlations among letter (ranging from .72 - .94) and semantic 
category variants (.66 - .71)8.
The analytic sample included participants who were stroke-free (by self-report) at baseline 
and through the time of the first verbal fluency assessment (by expert review of medical 
records) and whose electronic sound files were scored by April 1, 2016. Study procedures 
were reviewed and approved by the institutional review boards at the collaborating 
institutions. All participants provided informed consent to participate.
Measures
Animal Naming was first implemented in January 2006 with follow-up assessments every 24 
months. For this analysis, only initial assessments are included. After standard instructions 
and examples, participants attempt to generate as many animal names as possible in 60 
seconds. Letter Fluency, using letter “F”, began in February 2008 with follow-up 
assessments every 24 months. Again, only initial assessments are included. After standard 
instructions and examples, participants attempt to generate as many words beginning with 
the letter “F” as possible in 60 seconds.
Age, education (years completed), race (African American or white), sex (male, female) and 
health history were assessed by self-report. An in-home examination was used to gather 
physiological measures (e.g., blood pressure, blood/urine samples, electrocardiogram) and 
an inventory of current medications. Incident stroke was ascertained via telephone follow-up 
every six months using the Questionnaire for Verifying Stroke-free Status (QVSS)9 and 
verified by medical record review and adjudication by a panel of neurologist stroke experts. 
Specific definitions and classification criteria for vascular risk factors (e.g., diabetes, heart 
disease, atrial fibrillation) has been described elsewhere10.
Procedures
Computer Assisted Assessment—Administration scripts were programmed into a 
computer-assisted telephone interview (CATI). Participants gave verbal permission to record 
responses onto electronic sound files stored on a dedicated secure server using WinCati 4.2/
Sawtooth Ci3. Interviewers read administration instruction scripts from a computer screen. 
Once a participant completed the examples properly, the interviewer pressed a key to begin 
an audio recording. Scores consist of the total number of valid responses for each 
participant, the valid number in each 15 second epoch, and intrusions and repetitions. For 
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Animal Naming, valid responses included any living or extinct animal, bird, or insect. Credit 
was given for superordinate categories (e.g., fish) as well as subordinate exemplars (e.g., 
trout). Gender distinctions (e.g., mare, stallion) and age distinctions (e.g., calf, cow) were 
given credit. Repetitions were defined as exact repetitions and singular and plural forms of 
the same animal name (e.g., dog, dogs). Intrusions consisted of any non-animal words. For 
Letter Fluency, intrusions were defined as a response beginning with a letter other than the 
letter ‘F’ to which the interviewer provided the following prompt after the first such error, 
“No, say words that start with the letter ‘F’ as in ‘Fred’.” This prompt was also used if the 
participant began by generating words beginning with the “ph” phoneme rather than the 
letter “F”. Scores consist of the total number of valid responses including potential 
homophones (e.g., feet and feat, fair and fare, and fax and facts). Repetitions were defined as 
exact repetitions as well as variations in tense or number, or providing the same root word 
with different endings (e.g., “finds” or “finding” after having given “find”). Intrusions 
consisted of any words beginning with a letter other than “F” and any non-existent words.
Computer-Assisted Scoring—A computer-assisted scoring interface was used to review 
and score files (see Supplemental Information). The scoring interface for each includes the 
following basic functions: 1) start/stop buttons, 2) counter button to tally the number of 
responses, 3) boxes for scorers to enter the numbers of repetitions and intrusions, and 4) 
buttons to save, view, or calculate the scores. Additional features include a timer to indicate 
the length of a recording, a pause button to allow pausing at desired intervals during review, 
and a system of double data scoring for reliability analyses. This information is populated 
into the box on the left side of the screen, which also displays participant ID and sequence of 
administration, scores (V1=initial score; V2=second score), and flags for administration 
errors.
Several categories of administration violation were captured by scorers for ongoing quality 
control and retraining of interviewers. These include: Prompt (“unscripted” dialogue or 
assistance by an interviewer, e.g., “think of the zoo” during Animal Naming), Help 
(someone in the participant’s home is heard offering assistance in responding to the task), 
Invalid (interviewer stopping the recording too early or equipment failure during data 
collection), and No Audio (no recording captured). Scorers clicked buttons to assign 
responses to the overall total and to the appropriate 15-second interval and to flag responses 
as repetitions or intrusions. The scoring program allows data to be linked to each particular 
interviewer and computer station, which facilitates targeted quality control.
Interviewer and Scorer Training—At total of 95 interviewers were trained by the 
director of the Survey Research Unit using a checklist including all elements of proper 
administration (scripted instructions, starting/stopping the 60 second recording accurately, 
remaining attentive, and providing allowed prompts when indicated). In a classroom-type 
setting, 160 hours of training were conducted for cognitive assessments including the 
fluency measures, which took place over 20 sessions (5 days a week, 8 hours a day, 4 
weeks). Instruction included lecture, demonstration, and experiential exercises to acquaint 
trainees with the CATI interface after which trainees made “practice calls” to supervisors 
and other interviewers in an effort to simulate actual studies. After two consecutive practice 
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calls were administered without error, the interviewer was certified to administer the 
assessments. Supervisors then routinely monitored each certified interviewer a minimum of 
four times per month by scrolling through the interview screens and listening in to randomly 
selected “live” interviews from a separate supervisory CATI station. Thus, ongoing 
correction and retraining could be implemented as needed. Annual 90-minute refresher 
training for the administration and recording of the cognitive battery was done for all 
certified interviewers. These sessions focused on the rationale for cognitive assessments, 
importance of standardized procedures, and review of common administration errors and 
challenging participant behaviors.
Scorers were trained in sessions led by experienced psychologists (Drs. Wadley and Kana). 
Ten scorers have been used to date; all were college graduates or current college students. 
Scorers first reviewed manualized instructions that included a list of atypical responses and 
situations. A set of 50 Animal Naming and 50 Letter Fluency sound files were used for 
certification. Each scorer had to achieve .88 kappa adjusted agreement or better relative to 
the scores assigned by Drs. Wadley or Kana. After certification, a randomly selected 10% of 
new files from each scorer were independently scored by Dr. Kana for ongoing monitoring 
of quality control. Any coefficients below .88 would result in suspension of a scorer’s 
scoring activities and a period of re-training.
Statistical Analyses
Of 30,239 REGARDS participants, 22,250 had first Letter Fluency scores by April 1, 2016. 
We excluded 1,104 participants due to self-reported stroke at baseline and 498 due to stroke 
after baseline but prior to cognitive assessment. Another 518 (2.8%) had missing data, 421 
had invalid data, 35 were missing due to mismatched ID numbers, and 1,169 had no audio. 
Thus 18,505 participants remained for Letter Fluency analysis. For Animal Naming, there 
were 25,478 participants with an initial assessment. We excluded 1,408 with self-reported 
stroke at baseline, and 379 with stroke prior to first assessment. Another 140 had missing 
data, 5,167 had no audio, and 313 had invalid data. Thus, 18,072 participants remained for 
Animal Naming analysis.
Total score, repetitions, and intrusions were tallied by test type and participant subgroups 
and analyzed using Chi-square tests, t-tests, or analyses of variance (ANOVA) as 
appropriate. Age was categorized into five groups: 45–54; 55–64; 65–74; 75–84; 85+. Years 
of educational attainment was categorized into six groups: 0–8; 9–11; 12; 13–15; 16; and 
17+.
Mean fluency scores and standard deviations of matched subsets of the REGARDS sample 
were also compared to scores obtained in published studies using in-person assessment. 
Specifically, using demographic characteristics reported in published studies, we used for 
comparison the mean score values of all REGARDS participants who matched those sample 
characteristics with respect to age range, race and gender composition, and education range.
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Results
Among those who were invited to be recorded (n=24,227), 716 (3%) refused. Compared to 
those who agreed to having their responses recorded, those who refused were more likely to 
be older (67 vs. 65 yrs., p=0.0001), African American (4% vs. 2%, p<0.0001), men (4% vs. 
3%, p<0.0001), and less educated (p<0.0001). There were no differences between those who 
did and did not agree to recording as a function of residence in the stroke belt vs. the non-
belt regions, nor were there differences in the frequency of health conditions (e.g., diabetes, 
hypertension).
Sample characteristics by fluency test are presented Table 1. A total of 18,072 participants 
completed Animal Naming (56% female; 61% white; mean age 67.8 years [SD=9.2, range 
46.0 to 99.0 years]; and 10% <high school [HS] graduate, 25% HS graduate, and 64% >HS 
graduate). A total of 18,505 participants completed Letter Fluency (57% female; 63% white; 
mean age 69.1 years [SD=9.1, range 46.5 to 99 years], and 9% <HS graduate, 25% HS 
graduate, and 66% >HS graduate). Chronic health conditions including hypertension and 
diabetes are at rates typical for an older adult community-dwelling sample, comparable to 
those reported by the National Health and Nutrition Examination Survey11,12.
Score Distributions and Demographic Influences
Frequency distributions for each measure are presented in Figure 1 (panels A and B). Both 
measures are normally distributed. Table 2 shows mean, standard deviation, and range as a 
function of education, age and gender subgroups. As can be seen, for both semantic and 
letter fluency better performances are associated with younger age and more years of 
schooling completed (all p-values <0.0001). There are trivial, although statistically 
significant (p<0.0001), differences attributable to gender. Intrusion errors were rare, with 
less than 2% of the sample committing one or more intrusions on Animal Naming and 
approximately 6% of the sample committing one or more intrusions on Letter Fluency. 
Approximately 97% of participants had three or fewer repetitions on either test, with 60% 
having no repetitions for Animal Naming and 64% having no repetitions on Letter Fluency.
Comparison of Scores to Published In-Person Verbal Fluency Assessments
Table 3 presents mean scores and standard deviations from published studies including 
control group or normative sample verbal fluency performance obtained under standard, in-
person administration procedures13–22 and compares those to demographically-matched 
subsamples extracted from the REGARDS study in which verbal fluency was measured via 
telephone-based procedures. In most cases, the Animal Naming mean and standard deviation 
for any given education, age, or gender subgroups obtained via standard methods are within 
1–2 raw score points of the corresponding REGARDS telephone-based assessment method 
scores. The ranges are larger for Letter Fluency, with REGARDS matched samples tending 
to produce scores 2–6 raw score points lower.
Administration Violations
Violations of standard protocol during test administration included interviewer errors (coded 
as containing inappropriate Prompt or as Invalid); the Invalid files were excluded from 
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further analyses based on a priori decision that files less than 50 seconds in duration were 
not usable). Other violations involved assistance from a person in the participant’s home 
(Help code). Files with technical difficulties (equipment failure, inaudible or No Audio 
code) could not be scored. Table 4 shows the prevalence of these violations for each type of 
fluency assessment. Technical difficulties affected 20% of the initial files for Animal 
Naming, which was introduced in 2006, and 5% for Letter Fluency, which was introduced in 
2008 after improvements were made to the administration platform. Rates of disallowed 
prompting were low for both tests (<3%). The overall rate of assistance from a person who 
could be heard offering help in the participant’s environment was <1%. Chi-square tests of 
association and t-tests or ANOVA were utilized to further examine the relationship between 
the occurrence of assists and participants’ demographic characteristics. Education, gender, 
and age were significantly related to receiving assistance during administration of both 
Animal Naming and Letter Fluency, while race and region of residence had no association 
with receiving assistance. Specifically, those with lower educational attainment were more 
likely to have received assistance, as well as those who were older and/or male.
Discussion
We present details on the methodology and process for an individually administered, 
telephone-based, computer-assisted administration and scoring of verbal fluency used in the 
REGARDS study. Telephone-based assessment is increasingly important for 
epidemiological and survey research owing to its convenience, efficiency, and amenability to 
centralized quality control monitoring.
In our experience, telephone-based, computer-assisted administration of verbal fluency tests 
can be completed reliably and validly by typical survey workers. A smaller subset of 
individuals with college preparation and special training were able to score protocols in a 
detailed way with a high level of accuracy. The computer-assisted programs designed 
specifically for REGARDS facilitated large scale assessment and identification of several 
valuable scores related to performance and quality assurance. These programs also allow for 
further examination of cognitive processes in the structure of semantic knowledge through 
examination of response order, clustering, and switching.
Analyses indicated that verbal fluency assessed via telephone produced normal score 
distributions, as has been reported for in-person administration of the same measures. 
Analyses also indicated that age and education have the same relationship to verbal fluency 
when assessed over the telephone as they do in-person, that is, younger persons and those 
with more years of schooling tend to produce better performances. In a series of 
subanalyses, we demonstrated that REGARDS subgroups demographically-matched to 
published studies’ control/normative samples yielded very close correspondence in mean 
scores and standard deviations across multiple authors and samples for the Animal Naming 
test. When deviations occurred, they tended to be small (i.e., 1 to 2 raw score points), and 
favored the in-person method, consistent with research which directly compared telephone 
to in-person administration23. Interestingly, the differential by administration method was 
more prominent for Letter Fluency compared to Animal Naming (i.e., 2–6 raw score points 
favoring in-person samples for Letter Fluency). The trend for lower scores in the REGARDS 
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sample suggests that telephone-based administration and scoring may be negatively affected 
by limitations in audio quality inherent to the medium.
Administration violations (examiner- and participant-based) were comparable across both 
fluency measures which indicate there was nothing inherent in the tasks that elicited 
abnormal behavior in either party. It is possible the disadvantage of an audio-only 
administration is moderated by the Animal Naming test because the response options are 
easier to comprehend and express due the overlearned and distinct quality of the network of 
semantic knowledge that is being probed relative to Letter fluency. In effect, the range of 
response options is more clear and constrained and may overcome (to an extent) any 
physical limitations related to the audio-only interface.
Our method of extracting matched samples from REGARDS to compare to the existing 
published normative and control studies was somewhat limited by the lack of specificity in 
descriptions of many of the published samples. For example, some studies reported only an 
education range rather than a mean and SD. If the mean education in such a study were 
substantially higher than that of REGARDS participants, lower scores achieved in 
REGARDS would be expected. Likewise, some studies reported only how many participants 
had attained less than or equal to a high school education vs. greater than a high school 
education, making it difficult to more precisely match REGARDS participants to these 
samples. Still others reported only the minimum age cutoff for their sample, such as greater 
than age 50, prohibiting a precise degree of matching. While these limitations may have 
contributed to apparent score differences in some instances, it also is possible the 
REGARDS national U.S. sample captures the true, somewhat broader, range of ability in the 
given age-education bands. Note that REGARDS cell sizes range from 1,445 to 15,235 
participants per cell compared to much smaller participants per cell, generally <100, in the 
control/comparison group subsamples drawn from published in-person administrations.
Our data reinforce the importance of accounting for mode of administration when 
interpreting scores in a clinical context. This is especially true for Letter Fluency. Our large 
sample sizes provide confidence that the levels of performance reflected in the various 
gender, age, and education groupings are stable and reflect population trends.
Our work extends validation to an epidemiological sample using survey research staff and 
computer-assisted technology for test administration. We anticipated some discrepancies 
between scores in our study compared to previous in-person research due to differences in 
sizes and sources of control/normative samples relative to the REGARDS cohort (e.g., small 
samples vs. our very large sample; clinical or volunteer samples vs. our population-based 
cohort; local samples vs. our national cohort). These unmeasured sample differences can 
introduce known variations in scores. Even so, the scores obtained in REGARDS are 
comparable to in-person performances across a range of prior studies, and the diversity of 
the cohort with respect to age, race, and geographic region is a substantial strength for broad 
generalizability to black and white adults in the US.
Telephone-based, computer-assisted administration and scoring used in REGARDS 
facilitated the collection of information on administration violations that could be tracked 
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and used to improve fidelity of data capture including tracking interviewers’ use of 
disallowed prompts. Assistance by someone in the participant’s environment was also 
captured during scoring of audio files. Overall, those who received inappropriate assistance 
were older and had less education. It is possible that this phenomenon reflects a natural 
tendency to ease the discomfort of a person who is struggling to produce responses during 
cognitive testing. The methodology of REGARDS allowed the project to document these 
actions in a way that traditional in-person assessment has not.
The computer-assisted interface was also subject to technology failures that are not seen in 
in-person assessments (e.g., equipment failure, technology-based operator error, and 
inaudibility). In the present study, the occurrence of interviewer-related errors was reduced 
appreciably over time following corrective actions, as was the rate of equipment failures.
As technology advances, the possibility of using internet-based telephone or video-
conferencing presents an intriguing alternative to in-person neuropsychological assessment
—methods that can be useful clinically for patients who are homebound or otherwise unable 
to attend clinic visits. This approach is also advantageous for research in which patient 
populations are sparse or scattered, rendering in-person clinical evaluations across locations 
infeasible, excessively costly, or difficult to standardize. Continued dissemination of 
information on procedures and results from telephone-based projects will be helpful in more 
fully expanding and exploiting the benefits of neuropsychological assessment.
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KEY POINTS:
1. Data are from a large, national community-based cohort (REGARDS) from 
over half of the counties in the contiguous US, including 37–39% African 
American participants.
2. Methods described in this paper provide clear administration and scoring 
instructions for telephone-administered verbal fluency measures, Animal 
Naming and Letter “F” Fluency. These may serve as a model for future 
longitudinal and epidemiological studies employing telephone-based 
cognitive assessment.
3. Scores for telephone-administered measures of verbal fluency were 
comparable to those from other published studies of in person administration 
methods.
4. Data presented herein, stratified by age, education and gender, can be used as 
a normative reference.
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Figure 1a. 
Frequency distributions for Animal (Semantic) fluency (n = 18,072) in REGARDS. Note: 
Scores are from participants’ first animal fluency assessment. Intrusions and repetitions have 
been removed.
Marceaux et al. Page 13
Int J Geriatr Psychiatry. Author manuscript; available in PMC 2020 April 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Figure 1b. 
Frequency distributions for Letter F fluency (n = 18, 505) in REGARDS. Note: Scores are 
from participants’ first Letter F assessment. Intrusions and repetitions have been removed.
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Table 1.
Sample Characteristics.
Animal Naming Letter “F” Fluency
Gender N (%) N (%)
 Female 10204 (56) 10639 (57)
 Male 7868 (44) 7866 (43)
Race
 African American 6976 (39) 6877 (37)
 White 11096 (61) 11628 (63)
Age 67.8 (9.2) 69.1 (9.1)
 45 - 54 yrs 1498 (8) 1204 (7)
 55 - 64 yrs 5789 (32) 5091 (28)
 64 - 74 yrs 6785 (38) 7383 (40)
 75 - 84 yrs 3368 (19) 4003 (22)
 85+ yrs 632 (4) 824 (4)
Education
 0 - 8 yrs 591 (3) 498 (3)
 9 - 11 yrs 1275 (7) 1163 (6)
 12 yrs/GED 4590 (25) 4633 (25)
 13 - 15 yrs 4833 (27) 5007 (27)
 16 yrs/college graduate 3701 (20) 3864 (21)
 17+ yrs/post graduate 3076 (17) 3336 (18)
Region of Residence
 Non-Stroke Belt 7932 (44) 8024 (43)
 Stroke Belt 10140 (56) 10481 (57)
Health
 Hypertension (missing 42/42) 10189 (57) 10305 (56)
 Diabetes (missing 621/591) 3396 (19) 3276 (18)
 Heart disease (missing 299/292) 2740 (15) 2645 (15)
 Left ventricular hypertrophy
 (missing 5155/4619) 544 (4) 552 (4)
 Atrial fibrillation (missing 361/362) 1368 (8) 1351 (7)
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